This study evaluated the sensitivity of serological and direct methods for the diagnosis of Helicobacter pylori infection in 127 patients with gastric carcinoma and in 127 controls without this disease, matched for age and sex. Antral and oxyntic mucosal specimens were obtained from all patients, at operation in patients with gastric carcinoma and at endoscopy from controls. The urease test, microscopy of stained smears and culture for H. pylori were performed on all specimens. Sera from all patients were tested for antibodies to H. pyZori by a highly sensitive and specific IgG-ELISA. Culture, urease test, stained smear and ELISA were significantly less sensitive in the patients with gastric carcinoma than in control subjects. However, the combination of several methods improved the diagnosis of H. pyZori infection in the gastric carcinoma group. Infection was significantly more frequent in the gastric carcinoma patients than in the controls. H. pylori infection was associated with an increased risk of developing gastric carcinoma.
Introduction
Although the incidence of gastric carcinoma has decreased markedly in developed countries in recent decades, this disease remains one of the most frequent and lethal malignancies worldwide, particularly in developing countries [ 1, 2] .
Gastric carcinoma has long been recognised as the result of a prolonged process related to an abnormal gastric micro-environment. Helicobacter pylori is a major cause of human gastritis and is now accepted as one of the most important inducers of the gastric alterations. Unless it is treated with antimicrobial agents, H. pylori gastritis persists throughout life and, in some cases, progresses to chronic atrophic gastritis with intestinal metaplasia and epithelial dysplasia, conditions that have long been thought to play a role in the pathogenesis of gastric carcinoma [3] . There is now consistent evidence implicating H. pylori as a gastric carcinogen. A working group of the International Agency for Research on Cancer [4] has concluded that the micro-organism is carcinogenic for man. The strongest evidence in support of this view originated from three nested case-control studies in which serum samples employed for diagnosing H. pylori infection had been obtained several years before diagnosis of gastric cancer [5-71 and the resulting meta-analysis [ 81. However, there are discrepancies in the results of studies examining the point prevalence of H. pylori infection in gastric carcinoma patients . In some of them, the rates of H. pylori infection were higher in gastric carcinoma patients than in control populations [ 1 1, 131, although in others the rate of infection was similar [12, 141 or lower [9, 101 in the former group. This may be due to the fact that gastric atrophy and intestinal metaplasia are frequently present in stomachs with tumours and they reduce the bacterial load [15, 161 . Furthermore, serum levels of IgG against H. pylori also seem to be lower in patients with gastric carcinoma.
In a previous study, a high prevalence of H. pylori infection was observed in patients with gastric carcinoma, but a control group was not studied, which would have been necessary as the prevalence of H. pylori infection is high in the general population of developing countries [ 171. Therefore, in the present study, several gastric fragments were obtained for the diagnosis of H. pylori infection by culture, urease test and stained smear. Sera were obtained to detect antibodies against H. pylori in a cross-sectional case-control study of the association between H. pylori infection and gastric carcinoma risk in a developing Western country. The study also compared the sensitivity of these methods for diagnosing H. pylori infection in patients with and without gastric carcinoma.
Patients and methods
This study was approved by the Ethics Committee of the University Hospital, Universidade Federal de Minas Gerais, Brazil. Informed consent to participate was obtained from all patients.
Patients
Between July 1995 and Aug. 1997, 127 consecutive patients with gastric carcinoma (1 9 of the oesophagogastric junction or cardia and 108 of the distal stomach) whose hunour was resected were evaluated. Each patient with carcinoma was matched by age ( f l year) and gender with a control subject. All patients were of low socio-economic status and were born and resident in Minas Gerais state, Brazil.
The controls without gastric carcinoma were selected from consecutive patients who underwent upper gastrointestinal endoscopy for the evaluation of symptoms involving the upper gastrointestinal tract during the same period of study. All patients with peptic ulcer, coagulation disorders, complications such as gastric perforation or haemorrhage, anatomical obstacles preventing endoscopy and patients who had already undergone a surgical operation were excluded from the study. No patient had received antimicrobial drugs; Ha-receptor antagonists, acid pump inhibitors, non-steroidal anti-inflammatory drugs or any medication for at least 30 days before the study, except five patients with gastric carcinoma who were using H2-receptor antagonists before surgery. Fragments of the gastric mucosa were obtained from the control patients by oesophagogastroduodenoscopy. The endoscope (Olympus, Japan), including all channels and biopsy forceps, was carefully cleaned with water and disinfected by immersion in glutaraldehyde 2.0% solution for 20 min, rinsed in water and dried after each use. In patients with gastric carcinoma, the fragments of the gastric mucosa were obtained from the stomach removed by gastrectomy after opening it along the greater curvature within 1 h of resection.
Micro bio logica 1 study
In the control group, multiple fragments were obtained from the lesser curvature of the antrum and the greater curvature of the corpus. In the carcinoma group fragments of tissue were obtained from the antrum and body whenever possible and were taken from epithelium of normal microscopic appearance as far from the tumour as possible. The fragments were held in sodium thioglycollate broth (Difco) at 4°C for a maximum of 1 h. Four fragments from the antral mucosa and four from the oxyntic mucosa were ground separately in a tissue homogeniser and plated on to four petri dishes (two for each region) containing freshly prepared Belo Horizonte medium [ 181. No plate was >2 days old at the time of use. After seeding, the plates were incubated at 37°C under micro-aerobic conditions produced by a gas generation kit (Anaerocult C, Merck*). The petri dishes were examined after incubation for 3 days. When no growth was observed, the plates were streaked again with a platinum loop, reincubated and inspected at 3-day intervals. Plates were discarded after incubation for 12 days. The isolates were identified on the basis of macroscopic colonial appearance and microscopic morphology after carbol fuchsin staining [19] , by a rapidly positive urease test, and by positive oxidase and catalase reactions.
Two fragments from the antrum and two from the corpus were used for the direct urease test and for carbol fuchsin-stained smears.
To avoid bias, the slides of the smears were coded. Although the operators could not be blinded to the source of the material because the shape of the fragments obtained from gastric carcinoma patients was different from that of fragments obtained by biopsy forceps from control patients, the technicians who performed the urease tests and all cultures of the clinical studies were unaware of these studies. After the primary culture, the appearance of culture plates became similar and the plates were coded to avoid bias.
Serological study
Blood samples were obtained from all patients. After clotting, the sera were obtained by centrifugation, divided into aliquots and stored at -20°C until they were used. The presence of IgG antibodies specific to H. pylori was measured by a second generation ELISA (Cobas-core, anti-H. pyEori EIA, Roche, Switzerland) which had been validated previously for the Brazilian adult population in terms of culture, preformed urease test and stained smear, and had shown 95.4% sensitivity and 100% specificity [20] . The operator who performed the assays was blinded to the identity of the patients from whom the serum was obtained, in accordance with the recommendations of the manufacturer of the kit.
All serum samples from gastric carcinoma patients and controls that gave negative or doubtful results by ELISA, or tested positive when no other test was positive, were re-tested.
Forty-nine serum samples from patients with gastric carcinoma and 30 from patients in the control group were selected at random for the re-assay (intra-assay and inter-assay) to ensure reliability.
Histopathological study
Tumour fragments were fixed in formalin lo%, dehydrated in alcohol and xylene and embedded in paraffin. Sections (5-pm thick) stained with haematoxylin and eosin were examined by light microscopy by three pathologists who were unaware of the results. The tumours were classified as intestinal type and diffuse type carcinoma according to Laurkn [21] . When the tumour had characteristics of both types it was classified as mixed.
Statistical analysis
Matched Odds ratios (OR) with 95% confidence intervals (CI) were estimated to examine the magnitude of the association between H. pylori infection and gastric carcinoma. Subgroups were formed by classifying the matched data sets with respect to gender and to diffuse or intestinal types of tumour. The statistical significance of the Odds ratios was also tested by the x2 test with Yates's correction or Fisher's test. The differences in the sensitivity of the urease test, carbol fuchsin staining, culture and serology between gastric carcinoma patients and controls were calculated by the two-tailed Fisher's test or by the x2 test with Yates's correction. For evaluation of the ELISA sensitivity the results of the first assay were considered, and when they were doubtful, they were considered to be negative. The mean ages were compared by Student's t test. The level of significance was set at pCO.05.
Results
The features of the gastric carcinoma patients and their sex-and age-matched controls are shown in Table 1 . The mean age of patients with the diffuse type of tumour was significantly lower (p = 0.001) than that of patients with the intestinal type. No other difference in demographic data was observed.
Methods employed for the diagnosis of H. pylori infection
Patients were considered to be H. pylori-positive if two or more methods, whatever their nature, were positive or if only the culture or ELISA test was positive, as no false-positive results are expected for culture and the specificity of the ELISA employed is 100% for our general population [20] .
H. pylori infection was detected in 121 patients (95.3%) with gastric carcinoma. In 106 of these patients the infection was observed by at least two methods. In eight patients (6.3%) the infection was detected by serology alone and in seven patients (5.5%) by culture alone. In these culture-positive patients, 3-10 colonies were observed on at least one plate. H. pylori infection was not detected by any method in six patients (4.7%). In the control group, H. pylori infection was observed in 95 patients (74.8%). Among the control group subjects, the infection was always detected by two or more tests.
H. pylori infection and gastric carcinoma
A significant association was found between H. pylori infection and gastric carcinoma (p = 0.00002; OR = 6.8, CI 2.6-18.9). The association was also significant when the tumour was stratified into intestinal and diffuse type, in males and females (Table 2) . When the data were stratified by localisation of the turnours, H. pylori-positive status was linked only to distal tumours, with the association being stronger than that observed for all cancers (OR = 16.8; CI 95% = 3.7-52.5; p = 0.00000007). The risk of developing proximal carcinoma was not increased by H. pylori infection (OR = 1; CI = 0.1-3.9; p = I), but the small number of subjects in this subgroup makes the risk estimate imprecise. The 108 subjects with distal tumours were also stratified by sex and type of tumour. Significant differences were observed between each subgroup, i.e., intestinal and diffuse histological types, males and females and their matched controls (Table 2) .
When the prevalence of the infection was evaluated by each test separately, no association was observed between carcinoma patients and H. pylori infection detected by carbol fuchsin (p = 0.3)' serology (p = 0.2), and culture (p = 0.4). An inverse association was observed when only urease was considered in the diagnosis (OR = 1.4; CI 95% = 0.3-0.8; p = 0.004).
Sensitivity of the methods employed for the diagnosis of H. pylori infection in patients with and without gastric carcinoma
The most sensitive methods in the diagnosis of H. pylori infection in carcinoma patients were culture and serology (83.5%). All tests used were significantly more sensitive in the control patients than in carcinoma patients (Table 3 ). The differences in sensitivity of the tests in the gastric carcinoma patients were not related to age (p > 0.3 for all tests) when the patients were stratified into groups (below and above 40, 50 or 60 years), to sex (p>O.2 for all tests) or to histopathological type of tumour (p >0.6 for all tests).
Inter-assay and intra-assay variability of the ELISA
The inter-assay variablility of the ELISA gave qualitatively identical results in 29 (96.7%) of 30 serum samples from the control group and in 42 (85.7%) of 49 samples fiom the carcinoma patients. Also, no qualitative differences were observed when intra-assay variability was studied in the control group. However, four serum samples from carcinoma patients Sensitivity was calculated by dividing the number of each positive test separately by the number of patients that were considered H. pylori-positive X 100. The number of patients considered to be H. pylori-positive was 121 among carcinoma patients and 95 among control patients.
showed different results (negative and doubtful in one, doubtful and negative in two, and positive and doubtful in one) in the intra-assay evaluation. In all discordant results, the antibody titres were quite close to the cutoff recommended by the manufacturer to discriminate between positive and negative samples.
Discussion
The prevalence of gastric carcinoma has decreased industrialised Western countries [ 11. However, remains unchanged in developing countries such Brazil, where it is the second commonest tumour males and the fourth commonest in females [22] . in it as in H. pylori is now considered to be an important factor in the pathogenesis of gastric carcinoma. However, studies examining the point prevalence of H. pylori infection in gastric carcinoma patients present divergent results. In many of them, the prevalence of the infection was similar [12, 141 or lower [9, 101 in carcinoma patients than in the control group. These discrepancies may be linked to a low sensitivity of the methods used in the diagnosis of H. pylori infection in gastric carcinoma patients caused by changes in the gastric micro-environment that reduce H. pylori colonisation or to an age-related increase in the prevalence of infection among control subjects, especially in developing countries where H. pylori infection is quite prevalent in the general population. . Although the bacterial count seems to be decreased in patients with gastric carcinoma, the present study found that culture was one of the most sensitive methods of diagnosis of H. pylori infection in this group of patients. This finding has no precedent in the literature. In several studies, even when carcinoma patients are not included, culture has not been the most sensitive method for H. pylori diagnosis. However, in our experience, when the conditions are optimal, culture is a very sensitive method. Such conditions include a proper microaerobic atmosphere, the use of good, recently prepared medium, staff trained in this procedure and rigorous evaluation of the plates at 3-day intervals. Furthermore, several mucosal fragments from different regions of the stomach were used to cultivate H. pylori, which may have overcome the possible uneven distribution of the micro-organism in the stomach. Also, areas far from the cancerous tissues were evaluated and these areas are more favourable for the detection of H. pylori. Even when these procedures were carefully adopted, few colonies on only one plate or absence of growth after 3 days of incubation were observed with samples from some gastric carcinoma patients; however, growth became abundant after the plates had been streaked again and re-incubated for 3 or 6 more days. It is also worth emphasising that the patients had not received antimicrobial drugs, which may suppress the infection and produce a false-negative culture.
In this study, the sensitivity of the ELISA test was significantly lower in cancer patients than in controls, a fact possibly related to a decreased bacterial load or to the possible modulation of the immune response in patients with cancer, or to the nature of the serological method used, or a combination of these factors. The last possibility is unlikely, because a highly sensitive and specific ELISA was used, as demonstrated in the control group and in a population previously studied to validate the test [20] . Although some negative serological tests could be explained by the decreased bacterial load, this cannot explain all negative cases. In fact, the ELISA was negative in eight patients in whom a large number of micro-organisms was present, indicating that some patients with gastric carcinoma are unable to respond well to H. pylori infection with specific antibodies. Thus, in many studies the detection rate of H. pylori infection in gastric carcinoma patients by ELISA alone may give an underestimate. Crabtree et al. [24] , comparing the results of ELISA and immunoblotting in the diagnosis of H. pylori infection in gastric carcinoma patients, also observed that ELISA results underestimate the true estimate.
In conclusion, as individual diagnostic tests are less accurate than a group of tests in determining current H. pylori infection in gastric carcinoma patients, on the basis of this study we recommend the association of at least a direct (culture) and an indirect (serology) test. The use of several methods made it possible to demonstrate that H. pylori infection is strongly associated with an increased risk for the development of distal gastric carcinoma in a developing Western country.
